RbumB. -Nous analysons la lumi6re diffusee par les fluctuations de torsion excit6es thermiquement au-dessus de la transition nematique smectique A faiblement premier ordre de I'octyloxycyanobiph6nyl. En presence d'un champ eiectrique aIternatif stabilisant Ie temps de relaxation des fluctuations de torsion permet une mesure absolue de la viscositk de torsion y I . Nous observons la divergence de y l jusqu'i 1 mK au-dessus de la temperature de transition. Ce comportement critique semble plus compatible avec un modele de champ moMculaire qu'avec les predictions de l'analogie de I'h6lium. Cette conclusion est en accord avec I'observation directe du temps de vie et de I'intensit6 des fluctuations de torsion, en I'absence de champ electrique.
1. Introduction. - The dynamic aspect of second order phase transition is now at a stage of rapid development. The smectic A to nematic phase transition (A + N) of the mesomorphic compounds has been proposed as a model [I] for a transition where the spatial dimension is 3 and the dimensionality of the order parameter is 2. This order parameter $, which describes the existence and the spatial distribution of the smectic layers, can be directly measured by X-ray diffraction. MacMillan [2] has applied this technique to study the static behavior of this transition. As he pointed [3] the interpretation of his results is difficult. Moreover the X-rays technique cannot give any informations about the dynamic aspect. One can get over this difficulty by studying the critical behavior of parameters that are characteristic of the nematic phase for Cxample the viscosity y. One also measures the Frank elastic constant K. The damping time of angular fluctuations is directly proportional to the ratio K/y. However, these parameters are only indirectly related to the order parameter $, which clearly means additional difficulties.
There are two different models which predict the behavior of elastic constants and viscosities above the nematic to smectic A transition. MacMillan theory [4, 51 deizlops a mean field approximation ; de Gennes theory [I, 61 is based on an analogy with helium.
These two theories predict that the twist and bend elastic constants have a critical exponent v similar to that of <, the correlation length of the order parameter.
The one difference between these theories lies in the expected value of v : 0.5 from McMillan and 0.66 from de Gennes. As for the dynamic aspect the predictions differ much more. In the mean field approximation, the pretransitional enhancement 67, of the twist viscosity behaves like < ; the other theory predicts that 6y, should behave as ~( t ] < , )~/~, with a small relative amplitude Aly,. The two approaches are not necessarily inconsistent ; crossovers may happen between these two regimes [7] .
The first experiments on the dynamic aspect of the N + A transition by Bellabs [8] and Bordeaux [9] groups established the existence of a critical enhancement in y,. I t was actually surprizing to observe that the ampIitude of 6y, was much more pronounced than expected [lo] .
More recent experiments have been designed to distinguish between the two theoretical approaches. Different techniques have been used. The dynamics of Freedericksz transition 1 and the Tsvetkov method [12] , both used by Pindak et al., seem to support rather the helium-like model. More local and less disturbing methods exist : light scattering by surface waves, as used by D. Langevin [13] , or light scattering by fluctuations in the bulk as used by the Orsay [14] and Urbana [3] groups seems to be more compatible with a mean field interpretation.
Another problem has been recently raised by Halperin et al. [15] . They predict that this transition must be weakly first order, as a consequence of the coupling of director fluctuations with smectic order. Various experimental conclusions have been reported on this transition. Using the CBOOA compound Torza and Cladis [16] , Djurek et al. [17] confirm the first order character of this transition with dilato-metric and calorimetric measurements. In light scattering experiments [14, 131 , the first order character is not visible. As recently suggested by reference [7] , dynamic renormalization group theory may clarify this point.
In this experimental context, we have resumed the light scattering technique to observe the N -, A transition in octyloxycyanobipheny1 or BOON We have analyzed the twist relaxation time by photon beating spectroscopy. To improve the previous experiments [14, 131, we introduce a new parameter : an A. C. stabilizing electric field, which allows us to make absolute measurements of y , and KZ2 independently. The temperature dependence of KZ2 can be compared to previous measurements [19] made with a less accurate oven, where we found an helium-like behavior. As emphasized by P. Cladis [20] we were not entirely protected from impurities effects.
In the first section of this paper we present the principle of the experiment. In the second section we discuss the experimental set up and the method of analysis. The third section is devoted to the discussion of our results. where T is the absolute temperature, E, the anisotropy of optical susceptibility, KZ2 the twist Frank elastic constant and q the momentum transfer. The twist fluctuations are purely damped, with a damping time :
The light scattered from a laser source is expected to be only broadened, with a lorentzian spectrum of width 
since 6y(T) also diverges as ; a is given by : thus where 2, is the damping time at large temperature ; the damping time is expected to approach the finite value az, when T approches T,.
In the helium analogy we write and z as :
with similar notations. Decreasing the temperature ,we then expect z to increase, to become maximum at AT, and then to go down to zero when T tends towards T,.
The value of AT, is given by always larger than AT,. The temperature behavior of z then seems to be a good check of the dynamic properties of this phase transition.
An original point of our set up is the use of an AC stabilizing electric field. In presence of a high enough frequency field of r. m. s. value E, z decreases as Analyzing the dependence of l/z, versus E2 we can now deduce an absolute value of y , independently of the value of Kz2 [ I S ] , if E, is known. The comparison of z and z, at the same temperature also yields independently KZ2 versus T since z, ib given by (3). In parallel the temperature dependence of KZ2 can also be obtained by measuring the scattered intensity I (eq. (1)) versus T.
All the predictions quoted before are given in the hydrodynamic limit where q< < 1. This limit is valid for our experiment.
3. Experimental set up. -3.1 SAMPLE PREPARA-TION. -The choice of the compound was dictated by two criteria : a good stability and a weakly first order transition. The good stability is required by the study of the phase transition itself. If the compound deteriorates or dissolves impurities, the transition appears at lower temperature and may, if weakly first order, smear over a A temperature range. Inhomogeneously dissolved impurities can produce a transition temperature distribution in the sample. Moreower, as suggested by P. Cladis [20] , impurities can affect directly the critical behavior.
The Schiff bases as CBOOA are known to be unstable ; the biphenyls [22] seem to be more stable.
The second criterium is reasonably satisfied by octyloxycyanobipheny1 (BOON). It presents the following transitions :
The transition enthalpy of the S,-N transition, measured by a DSC-2 Perkin Elmer calorimeter, is 0.025 cal/g i. e. about two times larger than that of CBOOA measured in the same condition. However all these measurements are probably overestimated because they also include the effect of C,, divergence near the transition.
Our compound is 3 o/OO pure, checked by gazeous chromatography. The temperature drift of the transition is less than 1 mK per hour and, as we will see in a next section the temperature width A is smaller than 2 mK.
We have prepared samples in the homeotropic geometry by inserting the compound between two glass plates flat to better than 118, covered by indium oxyde (In,O,) and rinsed in C,H,0C,H5. We used 175 p mylar spacers and sealed them between the two plates. The liquid crystal was introduced through a 1 mm channel into a 4 mm diameter hole in the mylar film. We also used samples, that were filled under vacuum and sealed with vapor free epoxy. In this case and in the case of non sealed samples we have obtained similar results.
This similar behavior can be due to the great stability of our compound. We always maintained the sample horizontal to avoid hydrodynamic flow.
The indium oxyde covering is used both as aligning product and as electrodes. Between the two plates we apply an AC stabilizing electric field the amplitude of which varies between 0 and 36 u. e. s. Its frequency is chosen to be 5 x lo3 Hz, far above the dielectric relaxation frequency
E
We thus are protected from electrohydrodynamic instabilities in our samples. By microscopic observation we have checked the absence of any hydrodynamic perturbation of the liquid crystal when the field is applied. Through the induced shift of T, we evaluated the sample heating produced by Joule effect. It is about 1 mK for a 6 u. e. s. field and compatible with
The outer enclosure is a hollow copper cube insulated from outside and electronically servostabilized with an accuracy of 50 mK. The inner one, insulated from the other by 2 cm of sillirite is independently stabilized by use of a platinum resistance (MINCO no S1061-2) A differential thermocouple allows the temperature adjustement of the two parts of the oven. The absolute temperature can be measured with another calibrated platinum resistance inserted in a four terminal DC bridge. Repeated thermal cycles prevent the resistance from hysteresis effects greater than 3 mK. The final stability of temperature is better than 1 mK during the time of the experiment. the sample over a 600 p diameter area. As BOON is more transparent than CBOOA we can use alaser power as large as 100 pW, with an observed T, shift less than 1 mK. The scattering geometry (k,, k 3 is designed to select a pure twist mode (~i g . 2) : k, and k h r e the extraordinary and ordinary polarizations of the incomthe measured values of conductivity. to the molecules isolates a pure mode of twist.
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ing and outcoming beams respectively. The incoming beam is tilted at an angle of 150 from the normal of the sample, as measured in the air, and, knowing the refractive index of the compound [23] we compute the scattering angle necessary to keep the momentum transfer q normal to the molecules at the value of 3 x lo3 cm-l.
For this value of q, the limit of the hydrodynamic region q5 < 1 is about 2 mK for 5, -20 A, tl,/tl 5 4
and v = 0.66. This is compatible with our temperature resolution. If v = 0.5 this limit is lowered to l o p 5 K. The sample thickness is chosen equal to d = 175 p ; the finite value of d imposes a vertical contribution to q given by q, = nld. The resulting bend contribution in intensity and damping time remains negligible (K,, q 2 /~2 2 q2 --Just in an analogous way, one can show that correction to y , is negligible. The existence of q, also allows an uncertainty of 30 on the scattering angle which simplifies the angular adjustements. The large value of d, which remains much larger than t in the studied temperature range, also protects us from eventual finite size effects.
The scattered light is collected over less than one coherence area (pinhole D,) and detected by a 14 stages cooled photomultiplier. The darkcount rate (301sec) is always negligible compared to our signal. The autocorrelation of the photocurrent is then analyzed by a ATNE (I) scaled digital autocorrelator. We can also clipp our signal if it is strongly heterodyne.
3 . 3 DATA ANALYSIS. -In the heterodyne regime the correlation function obtained on the correlator shows the beating between the signal coming from the twist fluctuations of the nematic (intensity is) and the local oscillator (intensity i,). This local oscillator can be some defects inside the sample or an electronic microscope grid set just above the sample. The complete beating between is and i , is ensured by the spatial filtering of the pinhoIe D,. As in reference [I41 we can obtain a stronger local oscillator by turning the polarization of the incoming beam. The selection rules in the k,, kheometry prevent us from spurious scattering from another mode of angular fluctuations. In absence of multiple scattering, the full autocorrelation function, which is obtained with a scaled, zero-value clipped correlator [24] , is :
A rapid least squares fit to one exponential, processed by a computer, only gives' an accurate determination of damping time z if the local oscillator is strong enough to keep the term i : e-2t'' negligible. The heterodyne ratio r = io/is is estimated from the zero delay value of the auto-correlation function.
With r lying between 0.05 and 0.1 we obtain a computer fit to one exponential with a mean square error on the amplitude less than 5 %. This error is only a qualitative indication on the error on the damping time z, but it is presumed to be a maximum value for the experimental error on r. With the latter values of r, any systematic correction on z is well within this experimental uncertainty.
This strong heterodyne scattering is ensured in the general case by the electronic microscope grid. Close to T, (T -T, < 20 mK) the critical slowing down of the is signal allows us to obtain a strong enough heterodyne scattering without this additional scatterer. By this manner we are better preserved from any multiple scattering contribution. With the chosen set of polarization, multiple scattering from splay mode can be especially disturbing since the K, , splay constant don't diverge close to T,. However the higher intensity contribution corresponds to the q, contribution. The damping time of q, wave vector splay fluctuations is also the higgest allowed [25] . The comparison of q and q, values in our geometry shows that the splay time should be 3 orders of magnitude smaller than the measured values of z. Hence the multiple scattering contribution would not interfere in the time measurements.
From the zero delay value of the autocorrelation function, we also compute the intensity is scattered by twist fluctuations. However this value is not very accurate, even with a scaled correlator, because of the unavoidable approximations in the corresponding digital calculation. These approximations are not yet exactly evaluated.
Experimental results.
-Our first aim was to evaluate the apparent transition width A (in K) which could be due either to chemical impurities or to temperature gradients in the oven. In a previous work [14] Salin estimated A through the observations of the first order Nematic to Isotropic transition. To have the estimation of A on the N + A transition itself we performed another experiment.
EVALUATION OF THE TRANSITION TEMPERATURE WIDTH
A. -Our technique is the following : we separately follow two signals versus temperature ; one specific of the smectic phase and another one specific of the nematic phase. If there is any coexistence of the two phases in a temperature range A, we should detect simultaneously the two signals. For the nematic phase we have chosen the light scattered by twist fluctuations and for the smectic phase the light scattered by buckling instability under depression [26] . This depression is induced by gently touching the sample with a glass rod. We never saw any covering-up of the two signals over more than 1 mK even for very old samples Keeping into account our experimental uncertainty on T we deduce that the temperature width A on the studied part of the sample is less than 2 mK. 4.2 DAMPING TIME MEASUREMENTS. -In the smectic phase, no signal is observed from the light beating spectrometer. Heating slowly the sample, one observes the gradual appearance of a correlated signal above a temperature To which, up to further analysis, is considered as the transition temperature. We fix the temperature and measure the damping time z of the autocorrelation function of the photocurrent. In a first run, we analyse the temperature dependence of z close to To, in absence of any electric field (Fig. 3) . The same For simplicity we analyze our data with the first procedure. The best fit is obtained with a transition temperature T, 1.5 mK above To. This rounding perhaps hides a smectic signal but we are'nt yet able to confirm such an interpretation. From these intensity measurements we deduce a value ATo -20 mK. The evaluations of the latter section (eq. (7) and (10)) give a --4.4 and thus AT, = 60 mK. As shown by figure 4 the data seem more compatible with the mean field interpretation than with the helium-like one. Unfortunately our measurements are not accurate enough to conclude on the C ( T ) behavior.
The damping time data are reported on figure 3. These show that z keeps slowly increasing when temperature decreases up to 1 mK above To.
In the helium-like model we should find a maximum at about AT --60 mK and anyway at a temperature larger than To = 20 mK. Possible explanation could be that the transition is first order with an extrapolated critical temperature T* below the actual first order temperature transition T,. But to explain the disparition of the maximum in the z plot versus temperature we have to take T* at least 20 mK below T,. If we compute the corresponding intensity variation proportional to ( T -T*)" we find in the studied temperature range a very flat curve which is no more compatible with the experimental points. We shall have the same difficulties, in the next paragraphe, to interpret the y, dependence of temperature with a T, -T* of 20 mK. We thus rule out this possibility and give a mean field interpretation to the absence of maximum in curve of figure 3, rejoining in this conclusion the previous works of references [14] and [3] . We now check the field dependence of the damping time. We plot l/z, versus E2 ; the data are shown on figure 5 . 117, appears to be linearly dependent on E2 as expected [18] . Independent measurements of E,(T) have been made on BOON by L. Leger et al. 1281. From the slope of figure 5 we can deduce, for each temperature, an absolute measurement of y ,. The corresponding values are shown on figure 6 . This method does'nt allow measurements very close to T,. In this temperature range we have to avoid the drift of T, which is no more negligible during the data accumulation. We did'nt check any more the linearity of the previous The absolute values of y, obtained over all the nematic range are plotted on the figure 6. We first notice that these values are in full agreement with that obtained by a very different macroscopic technique [29] Note that we observe a large enhancement 6y as in previous works [9] .
We now analyze this 6y enhancement to find a critical exponent. A first plot oh a log log scale (see Fig. 7) shows the direct values of y ,(T) without any substraction of intrinsic contribution y ! (~) . The experimental points seem to be aligned with a 0.36 slope, at least above 6 mK. For T < 6 mK the experimental values blow up from this straight line. [29] . The insert expends the data close to Tc.
curve. We have only compared the damping time without electric field pbtained in the previous paragraph to the damping time zE quenched by a strong electric field maintained constant, in our case E = 9.5 $-0.2 u. e. s. Far from the transition z , is directly proportional to y, since KZ2 q2 is negligible compared to &,I4 nE2. The exact value of y, is obtained at any temperature by using the expression
where the ratio z/z, is directly measured (see Fig. 3 ).
This method of analysis is clearly erroneous. However, as any background substraction increases the slope of the log-log plot, any exponent which could be derived' from the data should be larger than 0.36 and then becomes in disagreement with the helium like model. TO be realistic, we now have to choose the intrinsic contribution y y (~) .
This choice is a difficult one : various methods have been suggested to evaluate y ! (~) .
A best fit method can be used 1291, Pindak et al. developed a mixture technique [1 I ] , suppressing by this way the pretransitional effects. We follow here a procedure suggested by Leger and Martinet. Their measurements [29] give the temperature dependence of another viscosity y , in the same compound. Theoretical calculations 1101 predict the same critical behavior for y , and y, ; as a matter of fact, close to T,, y , seems to murge in y, (see ref. [29] ). Moreover the y , background seems to be negligible over all the nematic range. Thus y,(T) -y,(T) can be taken as an evaluation of y ? (~) .
Substracting these data taken in reference [29] from our absolute values of y ,(T) we obtain the plot -b of figure 7. The transition temperature T, is,another adjustable parameter. The best fit is obtained for T, -To = 1.5 mK in agreement with our previous. intensity analysis. This plot -b gives 0.51 for the critical exponent of viscosity. However the large uncertainty on the y? background assigns us to interpret this result with some caution. We shall only say that the critical behavior seems to be more compatible with a mean field interpretation.
As mentioned in section 2 the comparison of z and z,, or the exploitation of the curve of figure 3 should give an absolute evaluation of K2, independently of the y , values. The corresponding calculations indicate a twist elastic constant K2, varying from about 4 x dyne at 1 mK to about 5 x lo-" dyne at 1 K.
The temperature dependence of K,, is found compatible with mean field variations. However, by comparing two sets of values -z(T) and z,(T) -which are not taken on the same temperature run we not only add the measurement uncertainties but also lose the exact adjustment of the transition temperature T, for the two runs. Hence we don't have a good accuracy on the resulting K2, measurements. Note that the values computed by this manner are not directly divided by s2
as that obtained from I analysis. Substracting a S2 varying background, we directly obtain the 6K(T) enhancement without any s2 correction. A comparison of the two fits obtained from the damping time quenching and from intensity analysis should, in principle, allow the distinction between the two posqible behavior of C-constant or proportional to s'(T). Unfortunately our results are, up to now, not accurate enough to lead to a valuable conclusion.
5.
Conclusion. -Using a Rayleigh scattering technique we have studied the Nematic to smecticA transition of octyloxycyanobipheny1 in its nematic phase.
We have first measured the damping time and scattered intensity of the twist fluctuations. We have ruled out the possibility of a large first order transition.
In presence of a stabilizing electric field, our quenching measurements give absolute values of y, equal at temperatures larger than 10 mK and within experimental uncertainty, to that obtained by flow experiment [29] . The enhancement of y , is found large.
This large value can be explained by a new evaluation of F. Brochard 1301.
A background estimation from reference [29] leads to an exponent close to 0.5 for 6y. The values of K,, computed from the damping time are in agreement with the values deduced from I analysis and also with 0.5.
Independently each point of these conclusions can be discussed but the concordance between our different measurements is more meaningful1 and suggests strongly a mean field interpretation ; it is interesting to notice that this conclusion is the same for all the works observing the transition by a scattering technique i. e. the works from Salin et al. [12] , Chu et al. [13] and more recently from D. Langevin [ll] .
Our study is not complete. We gave an argument to protect us from multiple scattering but we did'nt check it experimentally. We could also try to reproduce with better accuracy the absolute K,, measurements. Another possibility is the observation, by an analogue technique, of pure bend mode to get K,,.
It would also be interesting to check the critical behavior in the non hydrodynamic limit q5 > 1, which can easily be obtained by a Rayleigh scattering technique.
One could also observe twist and bend fluctuations in the smectic phase. This could give additional informations on the smectic elastic constants which seems to follow unpredicted critical exponents [31, 32, 331. 
